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SHORT HISTORICAL ACCOUNT 



or THI 



DISCOVERY of MAGNETISM, 



AND OF TH& 



MAGNETIC NEEDLE. 



Origin of i. TT would be to litde purpofe at this time to 
the name. J. inquire particularly ,whether the Magnet, 
had its name from the fhepherd Magnus, who, as Ni- 
<^nder and Pliny affirm, difcovered it upon Mount Ida 
\>y£he iron of his crook* and the nails in his fhoes ; or 
whether it was fo titled from Magnefia* that part of Ly- 
dia, where, according to Lucretius, it was firft found. 
The Grecians, indeed, who were acquainted with the ' 
various names it then went by, and likewife with its at- 
tractive property, have fometimes called it Siderites, from 

.... 

o-iJW, . iron ; but more frequently the Heraclean ftone, 
from the city Heraclea in Magnena ; and Snellius may be 
right in faying, that Euripides was the firft who gave 
it the name of Magnes, though Sophocles called it Lapis 

a. With 
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Attraaive 2 . With refpedt to the properties of the magnet, 

property. _ 

father Kircher endeavours to prove, that its at- 
traction was known to the Hebrews ; and from Plutarch 
it feems to appear, that the Egyptians were not ignorant 
of it. Pythagoras, Ptolemy, Hippocrates, Empedocles, 
Democritus, Leudppus, Epicurus, and many more of 
the ancients, knew and admired this wonderful property 
of the magnet. It was on account of this quality that 
Thales and Anaxagoras gave it a foul ; and Plato, who 
called it the ftone of Hercules, faid, that the caufe of its 
attraction was divine. Alfo Ariftotle, Theophraftus, Di- 

_ • r 

ofcorides, Galen, and others amongft the ancients, have 
made particular mention of it. 



Invention of 
the mariner's 
compels, 



3. The difcovery of the verticity or directive 
property of the magnet or loadftone, and the 

communication of that verticity to iron, or, in other 
words, the invention of the mariner's compafs, though 

only a confequence of jthenfbrmer property, appears to 
be but of a modern date. It is indeed pretended, that 
the eaftern nations were wety acquainted with this pro- 
perty of the magnet, longbefore the Europeans had learn- 
ed any thing about it. Some fay that Solomon knew 
the ufe of the compafs, and that thereby he was enabled 

to fend his mariners to Peru, which was then called Par- 

vaim 
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vaim and Ophir *. Other authors affirm, that the Ghinefe 
about that time, or even earlier than the days of Solo- 
mon, were acquainted with this moft ufeful quality of 
the magnet. This, however, has been much doubted t. 

Flavius Blond affirms, that in or about the year 130a, 
one John Goia, a noble citizen of Amalphi, a town of 
Principato, in the kingdom of Naples, firft difcovered 
the mariner's compafs ; and for this he quotes the fol* 
lowing verfe from Antony of Palermo, recorded by, the 
Neapolitan hiftorians ; viz, 

Primo dedit nautis ufum magnetU Amalphi. 

The arms of the territory of Principato has, it feems, 
ever fincc been a mariner's compafs* It has alfo with 
equal confidence been aflerted, that Marco Paulo, the 
Venetian, learned the ufe of the mariner's compafs from 
the Chinefe ; and that he firft made it known in Italy 
about the year 1260. But this cannot be true ; for M. 

1 

Paulo did not fet out on his journey to China before the 
year 1*69, nor did he return before the year 1295 J. It 
feems however from the documents, which will be ad- 

* Sec Pined* dc rtbw Soloroonis. L. iv. c. 15. 

t See Du Hald's Hiftory of China, and the learned Renaudot'i Dif- 
fcrtation an the Chinefe Sciences, &c. 

s 

% See Purchafe's Pilgrim, vol III. 

duced 
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duced in the fequel, that the directive property of ,th« 
magnet, and the communication of that^ property to 
iron, was known in Europe before this time ; though tor 
all probability it was not ufed in navigation till fome time 
after ; which may very reafonably be attributed to the 
clumfy way of fufpending the magnetic needle, which 
was at firftufed*. 

In the works of Claude Fauchet, entitled, Recueil de 

* 

torigine de la Langue et Poefie Frangois, fol. 555, there is 
a quotation from an old French poem, called la Bible 
Guiot, in which the mariner's compafs is evidently men- 
tioned. This fame paffage is likewife qitoted by Muf- 
chenbrock, in his Differ tatio de Magnet e. The fingula- 
rity of this paffage having excited my curiofity, I made 
fome enquiry after the . above - mentioned old poem, 
in confequence of which, I found that there was a 
ctirious and interefting quarto manufcript of the 13th 
century, on vellum, in what was then juftly called the 
Royal Library, at Paris. The firft article in this manu- 
fcript book, which was never publifhed, is la Bible Guiot \ 

* The affertion of Or, Wallis feem* to be well'founded j viz. that the 
magnetic needle, or compals, was brought to perfection by grad«aljftept 
, arid partial improvements, and that 0/ thefe the Engltth may claim CQn- 
fiderable fhare. 

the 
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ihe author of which, viz. Guiot de Provins, as mention- 

t 

*ed in the poem itfelf, was at the court of the Emperor 
Frederic BarbarofiTa, held at Mentz in the year n8f, 
-when the emperor's two fons were knighted *. 

He*e follows this remarkable paflage, extracted from 
la Bible Guiot y in its original antiquated language, which 
has perhaps fuffered much from the careleffhefs of tran- 
scribers, as may appear from the fubjoined notes. The 
aranflation, which follows this paflage, was made by a na- 
ilve off Provence, and as literal as poflible* 

"• Sec Chron. Abbot, Urfperg. p. 31 1* 
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EXTRACT FROM LA BIBLE GUIOT. 

Icelle eftoile ne fe muet, 

Uae arts font qui mentir ne puet, 

Par la virtu de la manete* 

Une piere laide et brunete, 

Ou il fers. volenters fe joint. 5; 

Ont regardent lor + droit point 

Puez C* une aguile lont touchie,/ 

Et en un feftu lont fiftiie 

En longue % la mette fens plus,, 

Et il feftui la tient defus; 10. 

Puis fe torne la point toute 

Contre leftoile fans doute* 

Quant il nuis eft tenebre et brune 

Con ne voit eftoile ne lune, 

Lor + font a lagui,lle alumer; 15 

Puiz ne puent ils aflbrer* 

Contre leftoile vers la pointe; 

Par ce font § il mariner cointe, 

De la drpite voie tenir; 

C'eft uns ars qui ne puet mentir. 20 

* Manetc, magnete, magnes, the loadftone. This word is impro- 
perly written in different manufcripts -, as marinette, mariniere, mar- 
niere, &c. In the next line alio, M. Fauchet has noirette, where k 
is brunete in my correfpondent's manufcript. 

f Lor, alors. 

% Jm ingenious friend of mine obferves, that hngue y or langue, as fomc 
copies have it, may perhaps mean Uw ; and in the fame line mtttc> 
may have been met tent* 

% Ce tont^ fe fort* 

LITERAL 
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LITERAL TRANSLATION OF THE PRECEDING. 

This fame (the pole) ftar does not move, (and) 
They (the mariners) have an art which cannot _ 

deceive, 
By the virtue of. the magnet, 
An ugly brownilh ftone 

To which iron adheres of its own accord. 5 
Then they look for the right point, 
And when they have touched a needle (on" it) , 
And fixed it on a bit of ftraw 
Length wife in the middle, without more, 
And the ftraw keeps it above; i<* 

Then the point turns juft 
Againft the ftar undoubtedly, 
When the night is dark and gloomy, 
That you can fee neither ftar nor moon, 
Then they bring a light to the needle; 15 
Can they not then aflure themfelves 
Of the fituation of the ftar towards the point (of 

the needle ?) 
By this the mariner is enabled 
To keep the proper courfe; 

This an art which cannot deceive*. 20 

■ 1 

• The expletive words, included in parenthefis in this tranflation, * 
"were thought neceflary to make it the more intelligible, though they 
are not in the original; only in my correfpondent*s copy the fecond 
inc runs thus: v 

Une arts font (les Marins) qui mentir ne puet. 

'b2 ~ Gaffendus 
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Gaflendus adduces, as an argument of the French hav- 
ing been the inventors of. the compafs, that the north 
point thereof is always marked, with a Flower deXuce*.. 
As for Goropius'a pretence, that the compafs muft be- 
the invention of the Danes, Dutch, or Germans,, becaufe 
the thirty-two points on it are written, and pro- 
nounced in the Dutch or Teutonic language, has no*- 
better grounds than the EuglHh claim, from the words 
Compafs andBox +; Vincentius Belluaceirfis, and Albertus. 
Magnus, who lived about the year 1245, as welt as Li— 
vinus Lemnius, make mention of the direction* of the 
polfes of the magnet, as from a tra<Sfc delapidibus^ which* 
had been attributed to Ariftbtlb, but is fuppofed to have- 
been the work of fome Arabian author, a little be- 
fore* or about, their own time, which tra& has been, 
fince loft.. 

t • 

Plautus in Mercatore jL .A& V.. Scene II.. has. the. follow- 
ihg remarkable paffage, viz. Hue fecundus ventus nunc. 
e/i y cape modo vorjprtam. Now fame authors will have 
it, that by the word vorforiam. or ver/oriam, is meant 
the mariners compafs;. fome learned critics,. however,, 

* lib. x.. Diog. Lae/t* T. i. p. 139^ 

f It appears, However, that thofe nations were early acquainted 
with the ufe of the mariner's compafs. 

affirm*. 
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affirm, that the Word verforium. meant a particular rope.. 
For my part, I am inclined to believe that it meant no*- 
thing more than thehelim 



The firft Autbors ^ Francis Cabeus^ a Jefuit of Ferrara, 

on the verticity of 

the magnet. fays, that the firft thing he knows pro- 

feffedly wrote on the diredtion, or verticity y of the mag- 
net, was an epiftle of Petrus Peregrinus Qallus y about 
the latter end of the ,13th century, and that the peregrin- 
nations of this fame Peter, in magneticaL philofophy, 
were not far from the truth. A few years after, this 
epiftle was difgaifed by one John Tafnier, who published 
it in his own name, under the title of Opufculum pefi- 

petua thetnoria digniffiinum de natura et effe&ibus magnetis. 

* , 

Some authors of note affirm, that this Petrus Peregrinus 
was no other than an affumed name of the Englifh Friar 
Bacon, who flourished in the 13th century. By the fa- 
vour of Mr. Senebier, I received the following, account 
of the above-mentioned letter r 

" Epifiola Petri Peregrinl de Marcaurt, ad Sigerium 

u de Foucancourty Militem de Magnetr. 

* 

* The work contains a defcription of that ftone, the 
a means of finding the poles, its property of attracting 
* iron, and proves that the part of the magnet, which 
** is turned to the north, attracts that which is turned'to* 

« tha. 
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" the fouth. It then teaches the manner of employing 
" the magnet in aftronomy, and of playing tricks, like 
« thofe of Comus- It deferves to be remarked, that the 
" author knew not that the magnet could be employed 
" in navigation ; for, though he frequently fpeaks de 
M Jlella ttautica 9 he never* fpeaks of the ufe that might be 
* l made of the magnetic needle in fea voyages. 

«« Vide- Bibliotbeca Bibliotbecarum, fol. n. p. $400. 
M Catalogue of the Manufcripts in the Library of Geneva, 
M by Senebier, p. 207." 



Amongft the manufcripts of the univerfity of 
Leyden, there, is a volume containing many fcientific 
traces, one of which is a letter of Peter Adfiger, which 
is dated in the year 1269, and contains an account of al- 
moft all the properties of the magnet that are known at 
this day. The attraction, repulfion, directive property of 
the magnet, the communication of thofe properties to 
iron, the conftru&ion of the azimuth compafs, the ufe 
of the magnetic needle and the variation of it, are clearly 
mentioned in this curious letter, which, in fact, is a con- 
cife Eflay on Magnetifm *. 

• Ample extracts of this letter, which is entitled Epftola Petri M/i- 
gerii, in Signatiouibus Nature Magnet is, haVe been published by Mr. 
Cavallo, in the fecond edition of his Trcatife on Magnetifm. 
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To give an account of all the numerous authors who 

r 

have wrote on the properties of magnets, both natural and 
artificial, during the* laft and prefent centuries, would far 
exceed the brevity here intended ; 1 fhall, therefore, juft 
add to thofe already mentioned the names of Des Cartes* 
Dr. Gilbert, Wm. Barlow, Peter Van Mufchenbroeck, 
Savery, Dr. Knight, Mitchell, Canton, Paulus Frifius, 

* 

Aepinus, and Cavallo. I have, indeed, heard of a labo- 
rious Italian Jefuit, by name Scarella, who fome years 
ago publifhed two quarto volumes on Magnetifm, but I 
could never procure the book* It feems, that Dr. Knight 
had once propofed a work of the like extent on this fub- 
je<St ; but he foon after laid afide all thoughts of publifh- 
ing it. 

I ihall now proceed to give fome account of the prin- 
cipal properties of the magnet, referving the declination 
and variation of the needle for the latter part of thi& 
Eflay. 
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ESSAY on MAGNETISM. 



CHAPTEk THE FIRST. 

i 

v 

Of MAGNETISM in General. ' 

* 

. Done at New-7bri 9 in the Year 1782J for a very ingenious young Midshipman. 

Section I, 

A NATURAL magnet may not improperly be termed 
an iron ore ; or rather a kind of native iron or vir- 
gin iron, a9 it itf taken out of the earth, Itrefembles 
^ery much caft iron, and is endowed with the properties 
of attra&ing iron or other magnets (1). An artificial 
magnet is a piece of iron or fteel, which has been endow- 
ed 6t impregnated with thefe fame properties by art. 

Sect. II. Every magnet, whether natural or artificial, 
has two principal points or poles, one whereof is called 
the North, and the other the South Pole. The limilar 
poles of all magnets repel, and the diffimilar attract one 
another : that is, the north pole of one magnet repels the 
north pole of another, but it attracts the fouth pole, and 

vice verfa (2). 

B Sect. 
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Sect. III. If a flender bar of prepared iron or fteel be 
properly placed between the poles of a good magnet, and 
kept there for fome time, it will acquire a certain degree 
of magnetifm, or, in other words, it will become an arti- 
ficial magnet (3). 



Sect. IV* If a good magnet, natural or artificial, be 
made of a fpherical form, in which cafe it is called a 
Terrella, or little earth, and a fmall piece of iron wire or 
needle is placed on its furface about midday between 
the two poles thereof, this needle will lie in the direc- 
tion of a meridian, or rather parallel to the axis of the 
magnet ; and, confequently, will direct one of its ends to 
the north, and the other to the fouth pole. 

Further, if this little needle is moved along the furface 
of the magnet eaftward or weftward all round, it will 
keep the fame ends directed to the poles refpedtively ; but 
if the needle is moved toward either of the poles north 
or fouth, it will, befides keeping one of its ends directed 
towards that pole, begin to elevate itfelf on the end 
which is directed to the neareft pole, the more and more 
as it advances ; fo that when it has arrived at this pole, 
it wiU Hand perpendicular upon it* . 

If again, the little needle is moved toward the other 
pole of the magnet, the end^which was elevated becomes 
lower and lower with a kind of tremulous motion, till 

the needle is nearly midway between the two poles, when 

it 
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itfalls flat, and becomes parallel to the axis of the mag- 
net as before; and if it is carried on towards this otheir 
pole, it raifeth itfelf gradually on the oppofite end in the 
fame manner, till it becomes alfo perpendicular upon 
that pole (4). 

Sect. V* If a g&od magnet, natural Or artificial, be 
made to float in quickfilver or on water, or be fufpended 
in fuch a manner as to have little fri&ion, one of its 
poles will diredt itfelf towards the north, and the other 
towards the fouth pole nearly ; alfo if it is in the north- 
ern hemifphere, (triagnetically fpeaking) the north 
pole of the magnet will defcend below the horizontal 
line, while the fouth pole is elevated above it ; but if it is 
m the fouthern magnetic hemifphere, then the fouth 
pole of the magnet will defcend below, and the north 
pole will be elevated above the horizontal line. In either 
cafe, the meafure of this inclination will be various, ac- 
cording to .the fituation of the place \ but the whole ex- 
actly iimilar to the experiments of the fpherical magnet 

or terrella, and little needle, already mentioned (5). 

» 

Sect. VI. Upon any part of the furface of this globe, 

1 

if a bar of prepared iron or fteel be fufpended nearly in the 
fame direction that the needle or magnet, haying a free 
and unconfined motion, arranges itfelf in; and if this 
bar is kept in the fame pofition for fome time, it will 
became an artificial magnet (6). 

62 Sect. 
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Sect. VII. From what has been fetd, we. conclude, 
that the globe of this earth is ftrongly impregnated with 
magnetifm; for, like another magnet, it will commu- 
nicate a confiderable degree of magnetic power to. any 
bar of prepared iron or Heel, which may be upon its fur- 
face, if it is kept in a certain polition for fome time (fee 
Se<5t. VI.)- Alfo, that all fuch roafies of native or virgin 
iron, as are formed in the bowels of the eaxth, will be 
impregnated with this fame general magnetic virtue* as 
well as the, bar already mentioned. 

Further, that any iiich wires or (lender bars of iron 
impregnated, with magnetifin, which have a. free. and un- 
confined motion, will be. arranged nearly ina.noEtherly and 
foutherly direction, a& mentioned in Se£t> V* by the 
netical power of tjie earth, alone ; and thence all. the pro- 
perties of the magnetic needle or mariners qbmpafs maj: 

be explained ; the variation thereof only excepted. 

* 

Sect. VI II. I (hall conclude this firft chapter with ob- 
ferving, that as it is not intended for a fyftem of magne- 
tifm, I have only mentioned here fuch leading principles 
as were ,neceffary for explaining the declination and va- 
riation of the magnetic needle, which is to be the fubjedfc 
of the enfuing pages ; yet I flatter myfelf, that whoever 
is thoroughly mailer of the principles here laid down, 
will very eafily come to underftand every other property 
of the magnet, though he has never before made that 

fubjeft his peculiar ftudy. - 

NOTM 
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CHAPTER THE FIRST. 
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ale, 



i« np H £JfcE. are many rioh. ii&tt ores* which 

npr in thflt-ft^tB caatbfiy te impcegnatedi wit^ mag- 
netifin t the p*u» calces of- iron canaotf be rgofcueti jnag« 



neticaU 



• » « 
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QlJERE ift. 

x :...•'. , * ' • ! . i . * , . • . . * 

Would it QOt therefore ^pppar, that iroh in its metallic* 
form only is fufcejtfibl.e of magnetifm ? As iron and fteel 
are be.tter purified thjpi the natural magnet, and can 
more eafily be made into . a proper foi;m, fo the artificial 
are generally ftronger than the natural magnets. 

The longer a magpet is in proportion to its breadth, 
and the broader it is in proportion to its tf\ickpefs, cdteris 
paribus, the ftronger it generally is. 

Would it not therefore appear, that magnetifm. a<Sts in 

' proportion to the furface, and not as the quantity of mat- 

ter Hke gravity? The magnetical machine 1; of thelkte 

0o<Stor Gowen, Knight, is a farther proof of this article; 

* See Phil. Tranf. Vol; LX Vfc Part *d. Anno 1776; 

» » 

2. There 



V 
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« 

2. There are feveral ways of Ihewing this property of 
magnets ; the moft convenient I take to be by the com- 
mon compafs, tlje needle of which -is an artificial magnet. 
Take therefore another magnet and point to it, and it will 
be found, that the north end of the magnet wilj repel 
the north, but it will attradt the fouth end of the 
needle. 

Reverfe the magnet, and the fouth end of the magnet 
will repel the fouth end of the needle, but it will attradt 
the north end: and as fcften as you reverfe the magnet, 
the needle will in like manner be reverfed. But to thofe 

who are not much acquainted with this fubje&, the moft 

• « 

.convincing, method of Ihewing the attraction jis well as 
the repulfion of magnets, is by laying an artificial magnet 
in a little boat of light wood, or the like (fee Plate II.) ; 
and fetting it to float in a bowl of water, and pointing 
another magnet to it end to end. 

- » 

3. I do not propofe this as the beft or only method of 
making artificial magnets ; but I mentioned it here as a 
fac% for the fole purpofe of explaining fome matters 
which I have further to offer in this Eflay. 

4. To mew this experiment to advantage, as it is a. 
very material one ; befides the Terrella, it will be riecef- 
fary to have a fmall glafs tube, with a round bulb, like 
thofe which axe ufed for thermometers ; into which we 

drop 
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drop a bit of a fine fewing needle, not above two-tenths 
of an inch long, which being applied to the Terrella, as 
in Plate III. may be eafily guided round it, as is directed 
in Sedfc. IV. 

5. But to exhibit thefe two properties at once, the 
bed method is to have an inftniment conftrulted in the 
manner of a dipping needle, fuch as I contrived anno 
1764. This machine, which I have called an Univerfal 
Magnetic Needle, or Obfervation Compafs, is minutely 
defcribed in the Philofophical Tranfadtions, vol. LXV. 
anno 1775 ; but a delineation of that inftniment, which 
was omitted in the Phil. Tranf., will be found in Plate I. 
of this Effay. 

6. If this is a bar of hardened fteel, it will take a 
confiderable time before it acquires any magnetical pro- 
perties ; but when it has once become magnetical, it 
will not lofe it eafily ; nor can the poles thereof be re- 
verfed any other way, than by fuch means as would have 
given it magnetifm originally, if it had none. 

This, therefore, we call fixed magnetifm. But if the 
bar is of foft iron, it takes no length of time to become 
magnetical ; for, in the northern hemifphere, the mo- 
ment you put fuch a bar in the proper ppfition, (fee 
Se<St. VI.) the lower end of it becomes a north pole, and 
the upper end a fouth pole. (If it is in the fouthern he- 

8 mifphere 
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mifphere the lower end is the fotfth, and the tipper end 
the north pole.) Reverfe the ends of the bar, and the 
poles are accordingly reverted, as often as you repeat the 
experiment. 

The magnetifm of this bar is therefore faid to be 
moveable, and alijaoft- every tongs or poker, with a com- 
mon compafs, is fufficient to ihew the experiment, (fee 
Plate IV.) but by being often heated and cooled, and by 
generally (landing in a perpendicular pofition, if their 
magnetifm fhould appear to be fixed, let the lower end 
be ftruck againft the floor, or the ftbftes of the chimney, 
and thepples will immediately be changed; a fmart 
jftroke of a hammer will have the' farfie effe<ft> and a ihock 
of electricity will give magnetifm even to fteel/ Se- 
veral conjectures might be ftarted from thefe experi- 
ments, which at prtffeftt hdweVet wo fliatl omit. 
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CHAPTER THE SECOND. 

Of the Declination of the Magnetic Needle, commonly called 
the Variation of the Mariner's Compafs. 

Section I. 

T^ROM attentively confidering the principles laid down 
and explained in the foregoing part pf this Efiay, we 
conclude, that as the globe of this earth is a great mag* 
net, fo like every other magnet it mud: have two points 
or poles, which will a& upon any magnetic or compafs 
needle, in the fame manner that another magnet or 
terrella would do ; that is, it will caufe one end of it to 
be directed to one of its magnetic poles, and the other 
end of it to the other. See Part I. SecT:. a, 44 5, 6, 
and 7 *. 

It is like wife evident, that, according to the pofition of 
thefe magnetic poles, the compafs needle will be diffe- 
rently affected, and from thence we may deduce the fol- 
lowing cafes. ' 

... m « ■ 

• But in this place it is proper to obferve, that what we call, the 
north magnetic pole of the earth, is - in fait a fouth pole i or, in other 
words, it is a magnetic pole, contrary to that pole of the needle which 
is attra&ed by, or dire&ed towards, the north pole of the earth ; becavfe 
the magnetic attraction takes place only between poles pf different deno- 
minations : and for thp lame reafon, what we call the fouth rpagnetic 
pole of the earth, is w faft a north pole. 

C Case 
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Case I. 
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If the magnetic poles of this earth had coincided with 
the true poles thereof, there could have heen no ? declina- 
tion or variation of the mariner's compafs in any part of 
the world, (i. e.) if the earth iar uniformly magnetical ; 
for in that cafe the needle, in peinting to the magnetic" 
poles, rauft, always have pointed to the true poles alfo. 
This needle would therefore be neceflarily directed alon& 
the courfe of the meridian, or, in other words* it would 
have no declination either to the eaft or weft thereof. 



Case II. See Pl. -V. 

.■ * . 

If the magnetic poles were fituated in the fame meri- 
dian, and in oppoiite parallels upon that meridian wjrich' 
pfcffes through the magnetic and true poles, from one of 
the magnetic poles to the other, and upon the oppofite 
meridian all along, the*e cotiM be no declination, for the 
reafon mentioned in the former cafe : likewife, upon the 
equator there would be no declination ;. for though if one 
of the : magnetic, poles was, only to A&upon the needle, 
in puffing along^thje equator to th« diftance of 90* in Ion- 
gitude eaft or weify the declinatibh would increafe ; fo 
that at 90* diftance. from the line of no declination,; it 

» w 

would be equal to the angle, contained between the mag- 
1 netic 
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netic and the true poles ; yet as the other magnetic pole 
in this cafe is always within the fame diftance of the 

m 

peedle* it will a£t upon the.opppfite end of it with equal 
force, and consequently will keep it . parallel to itfelf all 
round the equator: but in going from the equator 
north or fouth, the declination will be inoreafed, fo as 
to be i8oT on tit*e little arcs or fpaces of the meridian con- 
tained between the true and magnetic poles ; which is the 
greateft poffible declination in, all ca^es wbatfqever. 

I have further to obferve on this cafe, that the lines of 
no declination, inclining thefe arcs of *8o% form t^Q 
great circles of the globe, along jthe meridian and the equa- 
tor, croffing one another at right angles, and dividing tUe 
fur face oF the globe into four quarters, two in each he-* 
mifphere ; the one hemisphere haying weft declination 
in the north, and eaft declination in the ijbuth Itylf 
thereof. In the oppofite hernifphere it is juft the reverie, 
fo that each of the arcs or feroicircles .of no 4cclinajtio^ 
have eaft declination on one fide of them, and weft de- 
clination on the other. The fmall arcs of x8o° declina- 
tion, which are between the true and magnetic poles, I 
reckon in all cafes as part of the Jingg of 90 jleflin^tiori ; 
for there indeed the needle conforms j^lf to the jme* 
ridian as well as in the other parts of tfie circle, though 
its ends are reverfed. 

In fhort, as all the lines of declination, or Halleyan 
lines as they are very properly called, <Jo coincide and 
terminate in the magnetic and true . poles, fa thefe, 
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arcs 
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arcs of i8o* are a kind of ftopgaps, making with each 
of thefe lines, as in the prefent cafe, a curvelincar figure y 
returning .into itfelf, which figures from 180* between 
the poles to o° declination upon the equator, do each of 
them include a fpace larger than the. other, till at laft 
they fill up the whole quarter of the furface of the globe, 

• m 

* * * 

and conform themfelves as nearly as poflible to the Ihape 
and figure thereof . (See the Plate.) As a variety of this 
cafe I have juft to mention, that the magnetic poles may 
be fituated in the fame meridian, but in parallels which 
are not oppofite. In that cafe, the only alteration which 
could happen is, that in the hemifphert in which the 
magnetic and the true poles are neareft ta one another, 
the figures formed by the Halleyan lines become fmaller, 
and the correfponding figures in the oppofite hemi- 
fphere, larger. 

The line of no declination, which in this cafe repre- 
fents the equator, would aHb be propbrtionably nearer 
to the poles which are neareft one another. 

r 

• ■ 

Case 11L See Pl. V. 

If the magnetic poles were fituated in oppofite meri- 
dians and oppofite parallels, upon thofe meridians which 

* 

* m 

pafs through the magnetic and true poles, there could 
be no declination, for the reafons mentioned in the for- 
mer cafes. But upon the equator eaftward and weft- 
ward to the diftance of 90* in longitude, the declina- 
tion would actually increafe, fo as there to be equal to 
a the 
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the angle which meafures the diftance between the true 
and magnetic poles, and from thence would in the fame 
manner, decreafe for the other 90* to the oppofite me- 
ridian. 

The Halleyan- lines of io°, 20 , &c. as far as the great- 
eft declination upon the equator, in this cafe become arcs 
or curves, which conform themfelves as nearly as may be 
to the courfe and direction of the lines of no declination, 
and are called by Magnetifts the lines of the firft order ; 
but the lines of the greateft equatorial declination crofs 
one another at the diftance of 90* in longitude, from the 
meridian or circle of no declination, fomething in form 
like the letter X, or like to two Gothic arches joined at 
the vertex/ They are termed lines of the fecond order, 
and may very properly be confidered as the boundary be-^ 
tween the -lines of the firft and third order; as the lines 
of no declination are always boundaries between the 
lines of the eaft and weft declination. In this cafe thefe 
lines of no detlination, including the arcs of 180% form 
only one great circle along the meridian, dividing the 
furface of this globe into two hemifpheres ; in the one 
of which there is eaft declination, and in the other, weft 
declination. 

From the greateft equatorial cjeclination to the arcs of 
180% the Halleyan lines of the third order, are curves rer 
turning into themfelves, and in. fhape nearly refembling 
parabolas, ere&ed upon the arcs cf i8o\ . As a variety 
of this cafe alfo,. I have only to add, that if the mag- 
netic 
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xietic pqles were fituated in oppofit^ meridians, but in 
parallels which are not oppofite, then in that hemir 
fphere, in which the true and the magnetic poles apr 
proach neareft to one another, the figures forttued by 
the Halleyan lines would be fmaller, and in the oppofite 
hemifphere the correfponding figures would be larger in 
proportion • 

It was onq$ the general opinion, th^t the poles of 
every magnet muft be diametrically opposite to on$ 
^another, a? the poles of natural magnets gre generally 
found to he fo ; but Doctor Go wen I^night has demon- 
fixated by experiments, that the poles of magnets may he 
difpqfed in every poffible direction. See Phil. Tran£ 

N° 474» 476, 484, #c. Anno 1744, 17&> '747? (See t>e 
Plate.) 

Case IV. See Pl. VI. 

I have only one cafe more to mention, but it is a very 
extend ve one ; viz. 

When the magnetic poles are fituated neither in the 
fame nor oppolite meridians : and this, feems to have 
been the real pofition of thefe poles, ever fince any obr 
fervations of the declination of the magnetic needle have 
been made. 

In this cafe, then,, the lines of no declination cannot be 
either in the direction of the meridian or along the 
equator, as in the former cafes ; but a kind of curves 

which 
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Which are varioufly inclined to both, and they divide the 
farface of this globe into two parts ; bat thefe parts are 
not hetoifpheres, as in the laft cafe ; for they may be of 
very different extent. 

If tb.e magnetic poles are, fituated in meridians nearly 
oppofite* the curvatures of thofe lines are the lefs : that 
is, they become more like to Cafe 3d. But as the magnetic 
poles approach nearer to the fame meridian, the curva- 
tiufe' of the lines of 'ho declination become 1 greater titf 
trhey almoft touch one another, fomethihg m form like 
the figure 8; and at laft they complete the two great 
ehteles j- as in £afe 2d. > 

The lines of the fecond order; which correfpdhd to* 
the greateft equatorial declination, if the magnetic poles, 
are fituated in meridians nearly oppofite, have a declina- 
tion nearly equal to the angle formed between the mag- 
netic and true poles, as in Cafe 3d. 

> 

v But as the magnetic poles approach toward the fame 

meridian this declination decreafes, till at laft it entirely 

vanifhes, together with the lines of the firft order; and, 

as in Cafe 2d, leaving only the lines of the third order. 

The other Halleyan lines in this cafe are fo fimilar 

1 

to the former, that they require, only to be referred 
to it. 

I have therefore juft to add, that whether the mag- 
netic poles are fifuated iii oppofite parallels or not, makes 
as littlef difference in this cafe as in the former. (See 
the Hate;) 

Sect* 
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Sect. II. Though I flatter myfelf, that the foregoing 
pages will be found to contain all the cafes that are ne- 
ceflary Coward an explanation of the declination of the 
magnetic needle, at any one time; yet to thofc who wifli 
to be acquainted with this curious fubjedt more fully, I 
would beg leave to recommend Mr. Euler's Refearches, 
in the Berlin Memoirs for the Year 1757, a performance 
which will give fome fatisfadiion even to thofe who can- 
not enter into all his mathematical calculations; but for 
the convenience of fuch gentlemen as may not foon have 
it in their power to confult that volume, and as an ex-' 
ample of the fourth Cafe, I fhall tranfcribe from Mr. 
Euler's Map, annexed to the paper above-mentioned, the 
ftate of Magnetifrn about the middle of this century. 
According to this ingenious author, the North Magne- 
tic Pole feems then to have been fituated near to the me- 
ridian, which paffes by Cape St* Lucar, the South Point 
of Calefornia, and between the latitudes of 70* and 8o # 

North. 

(I do not think the observations are as yet fufficient 
to authorife our being very particular*.) 

The fituation of the South Magnetic Pole, at that time, 
feems to have been above 6o° more Weftwardly, and near 
the latitude of 6o° South i. 



* Mr* Eukr fays 7 j p or 76°. | According to the fame Author $ j 1 



-Sect. 



4* 



O N * U A G N E TISM. 



17 



'Sect. III. From this pofitibn of the magnetic poles 
-then', the refult is as follows, From the north magnetic 
pole a line of no declination cdmnfoences, and by a route 
• fomewhat refembhng the/letter S, it traverfe's the conti- 
nent of North America anil the Atlantic Ocean, 8cc. to 

1 

the fouth pole of the earth, arid then, by the arc df 
180 to 'the fbuth magnetic pole. 

Prom the ftuth magneticpdlethts line of no declination 

proceeds-, and in like marinef'trafreriing-thQP&eificOcean, 

'paflfes by the ifiands of the Edft Indies, ;arid through the 

continent of Afia to the north pole of 'this earth, and fo 

by the' little arc of 180* to the ; noTth'maglieticipole. 

Thefe lines divide" the Hiffade bf this' globe into two 

'parts; and in going eaftward 'from -tita flrft to the 

fecorid Kne, over the eaft$rn « parts iff North America, 

Europe, Africa, and > great part of ■'■ Afia, there is weft 

dacBhatiolff ; but froth, the ftcotfd to the^firft, ov«rcthe 

Pattern parts 6f Afia* 6iii«h Amertc*, ; the wiefterii 

•i>am of North Atoerioa,' and the Pacific Oeean, there 1 Is 

'«aft d^difiafioh. The' declWwion ' of ' tfre lines fcf » the 

fecond order, coiTefpon&rtg'fo the greateft 'e$dato*ial 

declination, amounts in this cafe to 12*, and for the eaft 

declination they crofs one another in north latitude 24% 

and about 30° in longitude weft of the meridian of Cale- 

fornia : for weft declination the interfeclion is likewife 

in 24* north latitude, upon that part of the coaft of the 

Red Sea, which is next to Arabia Felix. 

D If 
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If any perfon will take the pain? to compare this 
with the charts of Meffrs. Mountain and Dodfon for 1744 
and 1756* he will find a furprifing limilarity ; and from 
what has been faid, with the hblp of thefe charts upon 
a common map df the gfobe, alt the Halleyan lines may- 
be drawn by hand. 1 1 have been the more particular on 
this part, as it is poflible that each of thefe poiitions of 
the magnetic poles may. have been, cvc hereafter may 
happen to be, their real fituation ; and as it is evident, 
that 7 the fourth Cafe has* been their pofition ever fince 
any obfervations. have* been made on that fubjeft,, fo it is 
probable that it will, continue toi.be 'their fituation for 
many ages tp come. I ihaU. therefore conclude, thisi fe- 
cond chapter*, by etoierving, that if in fonae inftances our 
beft obfervations fhould not.perfe&ly agree with, calcula- 
tions, we are not therefore entirely to reject the, theory:;, 
for, fuppofitfg; the obfervations to be: perfectly .exa&,, 
which, is not always- the; cafe, .yet as this earth, is uor- 
doubtedly a very heterogeneous, body, it may not be vHWp" 
JEormly magnet£cal* as ihould be the cafe, .if it was tp. agree: 
entirely with the calculation^ 8tc. 
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CHAPTER THE THIRD. 



TfROM what has been faid in the two preceding 
chapters, we may conclude, ift. That the earth is a 
great magnet, endowed with all the properties which have 
been obferved in common magnets; 2dly, That the mag- 
netic needle owes its directive property to the vicinity of 
this great magnet, in the fame manner as we have (hewn 
to happen with a fmall .needle, when placed upon a ter- 
rella^ or. globular magnet; and 3dly, That the dire&ion 
of the needle rauft either coincide with, or deviate from, 
the meridian., according' as the magnetic poles of the 
earth happen to be fi mated. After this, it will be ne- 
ceflary to examine the real ftate of the matter; namely, 
to confider, according to the beft obfervations, the lines of 

declination throughout the world, a fummary view of 

, , * 

which will he contained in the prefent; chapter. 



^ 



Section L That line, which I ftiall call the Atlantic 
line of no declination, feems to take its origin from the 
north magnetic pole, and croffingthe different meridians 
in a fbuth-eafterly direction, refembling in form the long 
letter S, it tr^verfes the continent' of North America, 
enters the Atlantic Ocean to the northward of Charles - 
town, and fo proceeds towards the fouth pole. Upon 

Da ' the 
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the weft fide of this line there is eaft declination, and 
upon the eaft fide thereof, weft declination; which laft 
gradually increafes as you go to the eaftward, till you get 
beyond the Cape of Good Hope, or about midway be- 
tween the Atlantic and the Eaft India line of no declina-. 
tion, where it amounts to 31% about the latitude of 48* 
fouth, and then it regularly decreafes to the Eaft India 
. line of no declination. 

Again, as you go to the eaftward of that line of no 
declination, the eaft declination increafes rapidly till you 
get to the eaftward of New Zealand, where; it is upwards 
of 13° even in that latitude ; but from thence, as you pro- 
ceed eaftward, for about 40 in longitude, this declination 

■ • * * 

appears to decreafe ; and again,, it increafes till you are to 
the eaftward of Cape Horn, where, iri the latitude of 51.* 

* 

fouth, it amounts to ai° a8', and then gradually decreafes 

■ 

to the Atlantic line of no declination aforefaid. Upon the 
whole it would appear, that thefe obfervations agree 
pretty nearly with the fourth general cafe defcribed in 
the preceding chapter, except in that decreafing eaft de- 
clination to the eaftward of New Zealand. But admitting 
that the . vaft body of water in the great Pacific Ocean, 
which cannot have any magnetic jproperties, mould have 
no effect in producing this irregularity, yet we are not to 
expect even that the folid parts of this globe can be fa 
jpniformly magnetical throughout, as to anfwer entirely 
with calculation in every part thereof. 

Sect. 
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Sxcf, II. T%e magnetic needle not only declines, or 
varies from the true north) differently in different parts 
of the earth at any one time, hut likewife in the fame 
place this declination is different at different times ; I 
would therefore call it, by way of distinction, the varia- 
tion of the magnetic needle. 



Sect. III. At London and Paris, where the moft accu- 
rate obfervations have been made, towards the latter end 
of the Sixteenth century (and we cannot pretend to much 
earlier obfervations) there was between n° and ja* of 
eaft declination, which gradually decreafed ; ib that in 
lefs than a hundred years afterwards, there was no de- 
clination at all in thofe places. From 1657, at London, 
and 1666, at Paris, a weft declination began* and has ever 
fince increafed gradually, though not uniformly, or in 
the direct proportion of the times ; for fuch is the nature 
of the magnetic declination, that, like the apparent mo- 
tion of the planets, fometimes it is rafter, Sometimes 
flower, at other times it is Stationary ; analogous alfo to 
the elongations of the inferior planets, at one time it is 
to the eaft, and at another time to the weft, alternately. 

We may farther obferve, that the declination line* of 
the fame name have always refpectively paffed London 
forae years before the fame lines arrived at Paris ; and 
the like obfervations have been made in other parts of 
the northern hemisphere, that is, in this hemiiphere 

the 
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the H alley an lines have regularly pafled thofe places firft 
which lay rhoft wefterly, and fo in order, thofe which 
lay more to the eaftward. For in the latter end of the 
fixteenth century, there was an eaftern declination over 
moft parts of Europe, while on the cbaft of North Ame- 
rica a weft declination prevailed ; the line of no declina- 
tion being then fituated about the Azores. This line of x 
no declination has ever fince moved gradually eaftward, 
the lines of eaft declination receding before it, while the 
lines of the weft declination have gradually followed it. 



Sect. IV. In the fouthern hemifphere, however* it is 
quite otherwife ; for about the latter end of the fixteenth 
century, a line of no dedination pafled near to the Cape 
of Good Hppe, upon the eaft fide of which there wras 
weft declination, and upon the weft fide thereof eaft de- 
clination ; each of which declinations, in going eaftward 
or weftwardj gradually increafed to a certain degree, and 
then in the fame manner decreafed Ac nothing, fome^ 
where to the eaftward of Java, one of the Eaft India 
iflands. 

. The declination in the Pacific Ocean has not as yet 
(1775) been fo fully afcertained, only in general we 
find, that the declination is eafterly over moft part of 
that extenfive ocean. The line of no declination, which 
was then iituated a little to the eaftward of the Cape of 
Good Hope, has ever fiace been moving to the weftward, 

and 
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and the lines of eaft declination have gradually receded 
before- it, while thofe of the wefl declination have fol- 
lowed it with a proportional pace ; lb that at the Cape of 
Good Hope there is now a confiderable weft declination 
(about 24V*) and the line of no declination has moved 
many degrees to the. weftward thereof- 

Sect. V. From the preceding obfervations then it plain- 
ly appears, that the Halleyan lines in the fbuthern he- 
mifphere do gradually move from eaft to weft, while the 
motion, of thofe lines in the northern hemifphere is : 
from weft to eaft;. and here we ihall reft the matter for 
the prefent*. 

I ftiaU juft beg leave to obferve, that in treating of this 
fiibjediy I have all along only endeavoured to explain the 
manner in? which magnetifm a£ts upon this globe; yet 
.if the preceding conclufion be admitted, viz. that the 
progrefiive motion of the lines of declination in the 
northern hemifphere is conftantly from weft to eaft,, and 
in the fouthern hemifphere from eaft. to- weft, this dif- 
coyery will be of as great ufe to us in framing, regu- 
.lating, or judging of our future charts or tables of the 
declination or variation of the mariner's compafs, and - 
will anfwer the purpofes of navigation as well r as if we 
were thoroughly acquainted with the primary caufes of 
all the phenomena of magnetifm* 

* The author received this and other informations from Colonel 
Gordon, commander of the Dutch forces at the Cape. 

* chapter; 
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CHAPTER THE FOURTH. 

An Attempt to explain the Caufe of the Variation of tbe 

Magnetic Needle* 

WROTE IN THt YEAR I793* 



Si quid nov'.fti reftius iftis, 



Candidus impcrti : fi non, his ucere imecum. 

Horat. Epift. VI. lib. t. 

Section I. 

T F we were to enter into the hiftory of maghetifm, the 
difcovery of the mariner's compafs, or even that cu- 
rious fubjeA the declination.or variation of the magnetic 
needle, we fhould find that the compafs was known pro- 
bably before the year 1181, and the variation at leaft as 
early as the month of Auguft, 1269 *, though that 

« • . 

fubjecl: was not brought to any kind of regularity till the 
time of Dr. Halley. The refearches and obfervations of 
that ingenious gentleman have been of the utmoft fervice 
in navigation, however wfcimfical his theory may have 

appeared to fome people.— But this for the ! prelent we 

■"'-"• . - .... 

pafsover. 

■ 
4 

* See the Edinburgh periodical publication, . entidtd, The. Bee, 
, vol xiii. N? 3. Columbus obferved the variation of the compafs in his 
firft voyage, anno 149a.— Muflchcobrek dc Magnete, Exp. 97. 
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Sect. II. On the principles of the ingenious Mr. Euler 
(fee the Berlin A6ts, volume for the year 1757) the de- 
clination of the magnetic needle may in great meafure 
be accounted For. That is, fuppofing the magnetic 
poles of this earth to be, at any one time fince ac- 
tual obfervations have been made on that fubjedt, only 
two, but not (ituated diametrically oppofite to each other. 
(See Cavallo's Treatife on Magnetifm, p. 117.) It is 
alfo well known that the magnetic declination is not 
only different in different parts of the earth at the fame 
time, but that in a courfe of years it alfo becomes dif- 
ferent in the fame place. Farther, that this declination 
in the fame place is not only different in different years, 
but even the afternoon declination is generally different * 

■v 

from the forenoon declination of the fame day. 



Sect. III. This fubjedt appeared very unaccountable 
till the year 1759, when the late Mr. John Canton ex- 

plained it in a very ingenious manner ; for having found 

* 

by experiment, that by heating a magnet it loft part of 
its attractive power, and by letting it cool, it recovered 
that power again ; he likewife difcovered by repeated 
obfervations, that while the eaftern parts of the earth 
were heated by the fun in the forenoon, and confe-" 
quently had their magnetic powers diminifhed, the needle 
generally inclined more to the weftward, and that after 
the fun had pafled our meridian, and the weftern paru 
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of the earth began to be heated, while thofe on the eaft 
of the meridian were cooled, the declination . of the 

* 

needle was lefs wefterly by feveral minutes, and that by 
next morning it had returned to its former pofition 
nearly. — We fay nearly, for after a courfe of more than 

i 

twelve months attentive obfervation he found* that the 
declination was upon the whole increafed of about ten 
or twelve minutes of a degree. That this increafe was 

occafioned by the f\in r s heat, appeared the more pro- 

» 

bable,. as it took place moftly in the fummer months ; 
.and during the winter months there was but little altera- 
tion, as appears from.the following table * : 

The mean difference of diurnal variation for each month in die 

year 1759. 



.1 



January - 


-; 7/ w 


July - 


- 1*' iv ~| 


February <- 


- ». 5?. 


Auguft - 


- 12. 19. 


March 


- 11. 17. 


September 


- 11. 43. 


i\pril - 


- 12. 0.6. 


OAober - 


- 10. 36* 


May 


- I J. 0. 


November - 


- 8. 9. 


1 .Juae 


- *3~ **» 


December - 


6. 58. 



Sect. 

• Mf. Canton, it feems, fnade in 603 days about 4060 tfbfervation* 
on the fubjeft, with an excellent variation compafs about nine inches in 
diameter. In 574 of thofe days the variation was regular, and confe- 
quently only 29 irregular, according to his fyftem. Mr. Canton's opinion 
Was, that when the variation increafes from about eight or nine o'clock 
in the morning till one or two in the afternoon* then becoming ftationary 
6 for 
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Sect. IV. It muft be allowedj according to the obfer- 
fations of feveral ingenious gentlemen, that the collective 
f mfegnetifin of this earth arifes from the magnetifm of 
all the ferruginous bodies therein contained, and that the 
magnetic pojes fhould therefore be confidered as the 
centres of the powers of thofe magnetic fubftances. Thefe 
poles muft therefore change their places according as the 
magnetifm of fuch v fubftances is affe&ed; and if with 
Mr* Canton we allow that the general caufe of the diur- 
nal variation arifes from the fun's heat irj the forenoon 
and afternoon of the fame day, it will naturally occuf, 
that the fame caufe, being continued, may he fufficient 
to produce the general variation, of the magnetic needle 
for any number of years. For we muft confider that 
ever fince any attentive obfervations have been made on 
this fubjeft, the natural direction of the .magnetic needle 
in Europe has been conftaiitly moving, from weft to eaft, 
and that in other parts of the world it has continued its 
motion with equal constancy. 



for fomc time, after that returning back again to its former flatipn in the 
night, or by next morning, it is regular. But he calls it irregular when 
the needle moves eaftward in the hotter part of the morning, or weft- 
ward in the latter part of the afternoon j alfo when it moves either way 
in the night, orfuddenly, viz. when it moves both ways in a (hort fpace 
©f time* The caufes of thofe irregularities he attributes to fubterraneous 
heat f to the Aurora Borealis, &c. 
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Sect. V. As we muft therefore admit that the heat in 
the different feafons depends chiefly on the fun, ajnki 
upon the whole that the months of July and Auguft 1tfill * 
,probably be found the hotteft, while January and Fe- 
bruary are the coldeft months of the year; and that the 
temperature of the other months falls into the refpedtive 
intermediate degrees ; though from calculation we can 
fcarce pretend to afcertain the abfolute heat of any par- 
ticular month or day ; fo we muft confider the influence 
of heat upon magnetifm to operate in the like manner, 
viz. that for a fhort time it fcarcely manifefts itfelf ; yet 
in the courfe of a century, the conftancy and regularity 
thereof becomes fufficiently apparent. It would there- 
fore be idle to fuppofe, that fuch an influence could be 
derived from an uncertain or fortuitous caufe. But if 
it be allowed to depend upon the conftancy of the fun's 
motion *i and this appears to be a caufe fufficient to ex- 
plain the phenomena, we fhould (agreeably to Newton's 
firft law of philofophizing) look no farther. 

Sect. VI; As we therefore confider the magnetic pow- 
ers of the earth to be concentrated in the magnetic poles,, 
and that there is a diurnal, variation of the magnetic 
needle, thefe poles muft perform a ftnalLdiurnal revolu- 
tion proportional to inch variation, and return again to> 



• Sec Dr. John Hunter oa Heat,. Phil. .Tranf. for 1788* 
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the fame point nearly. — Suppofe then that the fun in his 
diurnal revolution pafles along the northern tropic, or 
along\any parallel of latitude between it and the oequator, 

when he comes to that meridian in which the magnetic 

« 

pole is fituated, he will be much nearer to it, than in any 
other ; and in the oppofite meridian, he will of courfe be 
the fartheft from it. As the influence of the fun's heat 
will therefore a£t moft powerfully at 'the leaft, and lefs 
' forcibly at the greateft diftance, the magnetic pole will 
confequently defcribe a figure fomething of the elliptical 
kind ; and as it is well known that the greateft heat of 
the day is fome time after the fun has pafled the meri- 
dian, the longeft axis of this elliptical figure will lie 
north-eafterly in the northern, and fouth-eafterly in the 
fbuthern hemifphere. Again, as the influence of the 
fun's heat will not from thofe quarters have fo much 
power, the magnetic poles cannot be moved back to the 
very fame point, from which they fat out ; but to one 
which will be a little more northerly and eafteiiy, or 
more foutherly and eafterly, according to the hemifpheres 
in which they are fituated. The figures therefore which 
they defcribe, may more properly be termed elliptoidal 
ipirals *k 

• The north magnetic pole may by this means be carried, .with a flow 
but conftant motion, more and more to the north eaftward, till it ar- 
rives at the region of the greateft cold, which, by the bye, is fuppofed to 
be at fome degrees diftance from the natural pole of the earth. And: 
like wife the other magnetic pole will he carried, &c. 

X SECT:.. 
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Sect. VII. In this manner the variation of the mag- 
netic needle in the northern hemifphere may be ac- 
counted for. But with refpeft to the fouthern hemi- 
fphere wc muft recoiled, that though the lines of 
declination in the northern hemifphere have conftantly 
moved from weft to eaft, yet in the fouthern hernia 
lphere, it is equally certain that they have moved from 
eaft to weft, ever fince any obfervations have been made 
on the fubjeft*. Is it poflible then that the magnetic 
pole in the fouthern hemifphere can move from eaft to 

weft, whilft that in the northern hemifphere moves from 

■ 

weft to eaft ? — I think not* But we muft confider this 
matter a little more attentively. In the firft place it muft 
be obferved, that in fpeaking of the declination or varia- 
tion of the magnetic needle, we always refer to the north 
end of the needle only. Thus, when the north end. of 
the needle points to the weft of the meridian, we fay it 
has fo many degrees weft variation, though the fouth end 
thereof points as many degrees to the eaftward. Again, 
when the north end of the needle points to the eaftward 
of the meridian, we fay it has eaft variation, though the 
fputh end points to the weft ward thereof. And the fame 
language is, ufed in the fouthern as in the northern hemi- 
fphere ; fo that if the fouth magnetic pole, which governs 
the needle in that hemifphere, move to the eaftward* oo- 



See Cavallo's Trcatife on Magnetifm, 
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■cafions, as we fay, the needle to have weft variation ; and, 
on the, contrary, if it move to the weftward, it makes 
what we term eaft variation. This therefore is the caufe, 
on account of which the lines of magnetic declination, or 
Halleyan curves, as they are no\y commonly called, appear 
to have a contrary motion in the fouthern hemifphere, 
to what they have in the northern ; though both the mag- 
netic poles of the earth move in the fame direction, that 
is from weft to eaft*. 



Sect. VIII. This might be made ftill more evident by 
a diagram, or by means of the mariner's compafs and a 
common magnet :• and here we might reft the matter for 
the prefent, but I cannot help mentioning the idea of Dr. 
Go wen Knight, a gentleman undoubtedly known to have 

r 

• In the northern hemifphere there was a line of no variation, which 
had eaft variation on its eaftern fide, and weft variation on its weftern 
fide. This line evidendy moved from weft to eaft, during the two laft 
centuries j the lines of eaft variation moving before it, while the lines 
of weft variation followed it with a proportional pace. Thcfe lines 
flrft paffed the Azores or Weftern Iflands, then the meridian of London, 
and after a certain number of years ftill later, they palled the meridian 
of Paris. But in the fouthern hemifphere there was another line, of no 
variation, which had eaft variation on its weftern, and weft variation on 
its eaftern fide; the lines of eaft variation moving before it, while 
thofe of the weft variation followed it. This line of no variation firft 
paflfed the Cape des Aiguilles, and then the Cape of Good Hope; the 
fines of 5 , io% 15% and 20°, weft variation following it, the fame as 
was the cafe in the northern hemifphere, but in contrary dkeftion. 

been 
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been well acquainted with practical as well as theoretical 
magnetifm. His opinion was, that this earth had origi* 
nally received its magnetifm, or rather that its magnetical 
powers had been brought into adtion, by a fhock, which 
entered at about the fouthern, and pafled out at the. 
northern tropic* His meaning appears to have been, 
that this was the courfe of the magnetic fluid, and that 
the magnetic poles were at firft diametrically oppofite to 

m 

each other. 



Sect. IX. In this Effay our intention has all along been 
to avoid fuppofitions merely theoretical ; for we do not 
.pretend to explain the caufes of magnetifm on any theory 
however plaufible. Yet we have no objection to Dr. 
.Knight's fuppofition, that the magnetic poles might at 
firft have been oppofite to each other; though, according 
to Mr. Canton's dodlrine, they .would not have long con- 
tinued fo ; for from the intenfe heat of the fun in the 
torrid zone, according to the principles already explained, 
the north pole muft have foon retired to the north-eaft- 
ward, and the fouth pole to the fouth-eaftward. It is alfo 
curious to obferve, that oh account of the fouthern hemi- 
fphere being colder upon the whole than the northern 
hemifphere*, the magnetic poles would have moved with 

* It is well known that in the courfe of the year the fun is for 
about eight days longer in the northern than in the fouthern hemi- 
sphere; but without entering into all the caufes of this effedt, it is 
here fufficient to obferve that this fadt has been indifputably proved 

unequal 
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•unequal pace ; that is, the north magnetic pole would have 
moved farther in any given time to the nortb-eaft, than 
the fouth magnetic pole coulci have moved to the fouth- 
«aft. And, according to the opinions of the moft inge- 
nious authors on this fubjeft, it is generally allowed, that 
at this time the north magnetic pole is confiderably nearer 
to the north pole of the earth, than the fouth magnetic 
pole is to the fouth pole of the earth. 

Charlotte Street, Sept. 30, 1794. 

P. S. Several ingenious fea officers are of opinion, that 
in the weftern parts df the £ngiifh Channel the variation 
of the magnetic needle has already begun to decreafe ; 
having in no part of it ever amounted to 25°. There are* 
however, other perfons who anert, that the variation it 
ftill increasing in the Channel, and as far weftward as the 
75th degree of longitude and 51 of latitude, at which 
place they fay that it amounts to about 36*. 
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letter: 

From the ingenious Dj\ Nooth, to the Author- 

Dated Quebec, Nor. ift, 1793*. 

AS I am well convinced, that you will with pleafure* 
receive any communication refpe<5ting the magnetic* 
influence, I fhall juft.tell you, that lately I accidentally 
found that there was. a diminution iruthe variation of 
this place fince the year 1785. In that year Major 
Williams and Major Holland, ran a- meridian on the- 
plains of Abraham ; 'and' on the feveral ftones that'were 

placed in the line: of the meridian they marked, the Ion- 

• < 

gitude, latitude, and variation. At that time the varia- 
tion, by the mean of many compafles, was ia° 35"; at^pre- 
fent I find it only 12 5'; and this has been afcertained by 
at leaft thirty needles, fo that there can. be no doubt oii 

the £%&» 



THE END. 
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